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By Thomas C. Huse 

Daring t he  c a l i b r a t Z o n  o f  t h e  TTBCA 2 9- f o o t  pregsu.rs 
t u n n e l  a f e n  years  a g o ,  t e s t s  *yere Liade ::.it31 A rectanguiar 
metal  v i n g  constructed t o  'f3PCA GOi2 a i r f o i l  s e c t i o n s .  The 
r e o u l t s  o f  these. t e s t s ,  ahic'n a r e  r e p o r t e d  h e r e i n  a d  
vhicla have beeri r e p o r t e d  in -pas t  a s  ? I n p u b l i s h e d  & a t &  of 
t h e  BGCA 1 9 - f o o t  preenare t u n n e l  i n  r e f e r e n c e s  1 an& 2 ,  
showed c o r r p r s s s i b i l i t g  e f f e c t s  o n  t h e  l i f t .  c o e f f i c i e n t s  
thzt  ~ T E  b e l i e v e d  t o  08 of  c o n s i d s r a b i s  immortance i n  v i ad -  
t n a E e 5  t e s t i n g  technique  a s  r-reI.1 as i r r  c o n r - s c t i c n  n i t h  
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c e r t a i a  phenornena obse rvad  nasrnvch ag t he  
i n f o r m a t i o n  p r o v i d e d  by t he  s e n t  t e s t s  i s  somewhat 
s c a n t y ,  f u r t h e r  t e s t s  are cos t , empla ted  when t h e  p r e s s u r e  
o f  the ? r e s e n t  m i l i t a r y  t e s t i n g  program i s  r e l i e v e d .  

TESTS A N I  RESULTS 

F i g u r e  1 g i v e s  f h e  d e t s i l s  o f  t he  model. The t e s t  
aetGp of  t h e  ncodel rnountea i n  t h e  t u n n e l  i s  BhonrL i n  f i g -  
u r e  %. Borce  t e s t s  were made O V E ~  an  angle-of-attack 
r s n g e  from b s 5 o a  z e r o  l i f t  through t h e  stall n i t h  t h e  a i r  
i n  the tunnel a t  t w o  preasuras, atmospheric (34 .7  $b/sq  i n .  
abs . )  a.od 5 5  poucds  p e r  square  Soch absolute. Tho t e s t s  
we%-e gad'e a t  va$ues  o f  dynamio presssure f r o s  3Q to 200 
~ O U Z A ~ S  p e r  sq-anre f o o t ,  which gavo t e s t  R e g i i o l d s  nu,m'bers 
f r o m  L , G ? O , O T ) G  t o  5,250t000 a t  a t m o s p h e r i c  p r e s s u r e  and 
frozls l , B 6 G , C ; 3 G  t o  8,240,GOO f o r  35 pounds p e r  s q u a r e  i n c h  
p x 0 s sur e .  

T e s t s  a e r e  made t o  d e t e r z f n e  the  e f f e c t s  o f  suppor t  
tare  an& I n t e r f e r e D c e ,  as4 c o r r e c t i o n s  f o r  tnescg e f f 6 c t . s  
mere zads t o  t n e  c o e f f i c i e n t s  p r e s e n t e d  herein. The 
ar-gles 02 a t t a c k  are c o r r e c t e d  f o r  je3-bounda.ry e f f e c t s .  

The v a r i a t i o n  of  t h e  lift c o e f f i c i e n t  CL w i t h  angle 
of attack a i s  g i v e n  in f i g u r e s  3 az?d 4 f o r  t h e  t e s t s  
a t  t h e  d i f f e r e n t  R e y a o S d s  zurrbers and  t h e  two t u n n e l  air- 
p ressu re  c a n d t t i o n s ,  Examina t ion  o f  t h e s e  cu rve8  r e v e a l s  
some u t l r i a t i o r  o f  l i f t - c u r v e  $&ope with Xeyno lds  number. 
C a r s e c t i E g  t h e  s 3 o p e s  t o  i a f i n i t e  a s p e c t  ratio a. and  
p l o t t i n g  a. agaiast t e s t  Reynolds  nQmber ( f i g .  5 )  g i v e s  
a scva ra te  c;:.rve f o x  each of t h e  t n o  t a n o e l  air pressures, 
When a., j.s p i o t t e d  a g a i n s t  fiaclz. number,  hoTevs r ,  t h e  
two c u r v a ~  shoti51 f a i r  agreement  i n  t h a t  t h e  breaks occur 
a t  a p p r ~ x i m a t ~ f g  t h e  smne Nach number ( f i g .  5).  

I n  f i gx re  ri, t h e  rnapiaum l i f t  c o e f f i c i e n t  CLmaJE is 
p l c ' c t e d  a g a i i ~ s t  t e s t  BeynoldS  number f o r  t h e  two pressure 
conditiors. For a t i m s p h e r i c  p r e s s u r e ,  t h e  va lue  of CL,~,  

i i lcreases  ap t o  a v e l o c i t j r  o f  a p p r o x i m a t e l y  550 miles p e r  
hotzr a f t e r  vhich it d e c r e a s e s  at  a r a p i d  r a t e  f o r  t h e  Te- 
rnain.i,ng !:ortion of the r ange  i n v e s t i g a t  d. S c c r e a s i n g  
the p r e s s ~ ~ r s  o f  t h e  a i r  i n  t h e  tuxinel e x t e n d s  t h e  Cnrve 
.obtafned a t  a t n o s p h e r i c  p r e s s u r e  t o  'nigher v a l u e s  of Gzulax 
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and t o  higher vefxiqa &P critical Reyrco3.de nwbsr as i n d i-  
cate& by the das&&-liw curve, 
number i n  th2s cam also eorrespands t o  a velocity 00 
a9proximately 130 rradZec~ pes hour, When theas w m  valves 
O f  CLmaff 
howenw, both cimv@g S h Q W  thg peak at: approxj,ma%sky the 
smw Mach number (0.19) indicating that the breakdown o f  
the flow is  a c o q r s s s i b i l i t y  effect .  
measurements ovor the nom of the w i n g  Indicate t h i s  to be 
the case. 
de.sirabls. It should bo remmbered, however, that both 
XeynaZds and Mach number effects are combined i n  the r e su l t s  

t o  & oouibinat:on QC these two effects .  
compese ib i l i t y  ~:ffbct~f am a?:ito sm3.1 f o r  Mmh number8 vlrp 
%o 0.17 and variation# oi' C k  below t h i s  vtzlue thsrafore 
&re esssnt5alI.y true B~;)r~zolds numbor effects .  I n  refer-. 
@nGe 2, it has been show Pi-om tm-d.fmensionet1 pressws- 
d-istrihut.lon t e s t a  of airfoils of the NACA 16-series *that 
tb.c curve of C h w  ag@fnst Mach number s ta r t8  upward 
again. at higher &&ch E1uTdl3~m with pronounced increases of 
mximwn l i f t  coefficiont bcing obtalni3d. Unfortwzately, it 
was not possible i n  the present t e s t s  t o  obtain the high &,Gh 
nmber necessary t o  &ow this ef fec t .  
a t  h i ~ h  Mach numbers appssr t o  be very dosirable, 

The c r i t i cs1  Reynolds 

are g?cotteCi a e j n s t  &ch nmbar as ip  figure 7, 

A few pressure 

Fxrthar d@xtled presaum mpsuramente are 

of' figures 6 and 7 and that the vearlation of  CzmX 18 dLiQ 
On the o-ther hwd, 

Furthcr Force t e s t s  

The r e su l t s  of' the pressnt investigation of the NACA 
OOl?  wing inciicate thRt tests fo r  the d-atermlnation o f  
mxlroum lift Gonf i jc iant  ~boulr i  be Dado at  the Reynolds 
arid Mach number8 ~ o r ~ ~ ~ p ~ ~ d f n g  t o  those oxiating for the 
ccrndi tl ons a% which the da-tn wif .1  bo used. Unfortunately, 
6v.pJ.j catiori o f  ao t i  cipated conditions of size,  alti tvdc, 
and velociiy would bs reguirod bocli,luse the  proper Reynolds 
and Mach numbera can be slmultar~eously obtained i n  no 
othor way, 
depmdcnt upon velocity changes far  w r i a t i o n  of Mach num- 
ber, the e f fec t s  of comprossjbilj t$ ami Rcyno1d.s amber 
thus obta-ined cannot bo separated; coriscquentlz, tho  b c b  
number offeet8 a t  C may predominate a t  m c h  l.owsr 
than ths  desired Reynoldg numb3r and the data w i l l  be m i s-  
leading. Because the majority. of max4mznr- Ilft det~ are 
applied t o  the landing ~ n &  stalling cunditions of airpkmzeu 
i n  wlilch the velocitiias am muall3 less tha t  123 miles 
per how, the compressibi1,ty effects  are s ~ l .  For thls 

Inasmuch as %hc mjoritj of wind tunnels &re 
e 

http://Reyrco3.de


4 

1 

l teason, i t  would appear deairabla  3a most  cases t o  make 
t he  wind-tunnel t e a t s  for maxipltiim l i f t  c o e f f i c i e n t  ~ t ;  
v a l u e s  af hiacb number s u f f i c i e n t l y  l o w  thaO compressibil- 
ity e f f e c t s  w i l l  be  n e g l i g i b l e .  Tbe p r s s s n t  t e s t s  i n d i -  
c a t e  t h a t  aQ air-streazi v e l o c i t y  of  a prox5mat%$y. $25 
milies per  hour ( a  Mach number o f  0.17 P would b p  tbca upper  
limit fo r  airfoils wi tb  pr-esszsre distributions similar t o  
t ha t  of ths NACA 0992 a e e t i s n .  Y q y  031gh.t & t t i t q & i s  t h a t  
requ.ixe roa.rimvm l i f t  a t  high gach ana R e y n o l d s  numbers, 
such as would b e  o b t a i n e d  I n  high-Bpeed t u r n s ,  hoivever, 
b o t h  the proper  %a& and R e y n o l d s  numbers should  be 
dup 1 i ca t  ed . 

Tironz thq t e s t s  of' a n  BACP OQ12 r e c t a n g u l a r  wing i n  
the  HACA 1 B - f o o t  pressure tunnel h e r e i n  r e p o r t e d ,  th8 
iollowizig: c o n c l u s i o n s  may be  drassn: 

3,- C o m p r e s s i b i l i t y  e f f e c t s  p roduce  pronounced changes 
i n  t h e  value o f  t h e  maximum L i f t  c o e f f i c i e n t  f o r  Xach 
numbers exceedixig agproximately 0.17. Below % h i s  value ,  
Reynolds number e f f e c t s  upparcnt3.y p r e d o m i n a t e ,  

2. D e t e r m i n a t i o n  o f  the raaxfmu-m lift coefficient by 
WindFCUZlZIQZ t e s t s  must t h e r e f o r e  be done with due regard 
f o r  the f l i g h t  condition t o  a h i c h  t h e  r e s u l t s  w f l Z  be  
app 1 i ed 

Langley I4ernoyial  A e r o n a u t i c a l  L a b w a t o r y ,  
Elrational Advisor;* ComEittee f o r  A e r o n a u t i c s ,  

Langley F i u f d ,  Va. 

I. Stack, Sohat C o m p r e s s i b i l i t y  E f f e c t s  i n  Aeronautical 
E n g i n e e r i n g .  BACA A . C . R .  a Aag. 1941, 

2, S t a c k ,  John,  PedzIuk, Eenry  A , ,  a n d  Gleary, E a r o l d  E.: 
P r e l i m i n a r y  I g v e s t i g a t i o n  o f  t h e  X f f e s t  o f  Compress- 
i b i l i t y  0x1 t h e  Bllaximuru. L i f t  Q o s f f i c i e n t .  TUCA 
B . C , $ . ,  2e3. 1943. 
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Fig. 2 NACA 4 
D 
3- 

-J 

J 



NhC Ng. 3 
rg 
\ 

J 



YAC Fiq,  4 



Fig, 5 

I 
d 




